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Abstract 
The basic principle of radiation pyrometer and colorimetric pyrometer are introduced first. Then the design of a 
colorimetric fiber-optic temperature measurement system used for temperature measurement in the carbonization 
chamber of coke oven is described in detail. The use of double-clad silica fiber solves the problem of high ambient 
temperature. The system is consisted by STC12C5A60S2 single-chip microcomputer as the core and AD converter 
MAX195. The colorimetric temperature measurement can eliminate the background interference and the measuring 
precision and stability are greatly enhanced. Temperature measurement system is satisfied with the demand of scene. 
It is shown that this system is available. 
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1. Introduction 
The coke oven is the most complicated oven in the metallurgical field, which consists of dozens of 
carbonization chamber and combustion chamber. The heat of gas combustion conduction to carbonization 
chamber through the vertical furnace wall, the coal that pre-installed in the carbonization chamber is 
carbonized under high temperature, and then the pushing rod pushes the coke out. In order to have a 
better grasp of the maturity of coke and achieve optimal control of coke oven, the accuracy temperature 
measurement of carbonization chamber is important. It can effectively guarantee the quality of coke, 
reduce costs and improve service life of coke oven. 
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In order to solve the problem of coke oven temperature control, people adopt a lot of methods. Such 
as the temperature of carbonation chamber can be deduced by measuring the coke temperature in the 
process of pushing coke with infrared optical pyrometer that be installed on the coke side. Due to the 
accuracy of indirect measurement is not high, the harsh environment make the infrared pyrometer service 
life short and maintenance hard [1]. The development of fiber-optic technology provides very favorable 
conditions for non-contact temperature measurement applications in production. Fiber-optic temperature 
measurement technology solves a number of problems which conventional thermocouple and infrared 
thermometer can not solve, particularly in high temperature areas; the fiber-optic temperature 
measurement technology shows great vitality [2]. Fiber has many advantages, such as a good 
transmission characteristics and electrical insulation, good flexible and so on. Therefore, the optical fiber 
sensing technology has advantages of high precision, reliable performance and so on. 
Meanwhile, it will not be influenced by electromagnetic interference. Taking into account the material 
of fiber is silicon dioxide which can tolerate high temperature and corrosion, the signal processing 
instrument can be put far away from the high-temperature zone owing to the long distance transmit 
feature of fiber, so fiber-optic temperature measurement technology can be applied to the dynamic 
temperature measurement of carbonization chamber’s walls. 
2.  The measuring principle of the system 
2.1. The basic principle of radiation temperature measurement 
In temperature metrology, according to the relationship between the tested temperature and sensor, the 
temperature measurement methods can be divided into two categories: contact and non-contact 
temperature measurement method (also known as the radiation temperature measurement method) [3]. 
All objects above absolute zero have infrared radiation. Characteristic of infrared radiation is that the 
power of radiation and its distribution according to wavelength have a close relationship with its surface 
temperature. The surface temperature of objects can be measured exactly by measuring the infrared 
radiation energy of objects and signal processing. It is the basic principle of infrared radiation temperature 
measurement [4]. 
Any object in a certain temperature has infrared radiation. Blackbody is an ideal body; it can absorb all 
radiation energy onto the surface at any wavelength and any temperature. Planck's law described the 
relationship between the radiation energy and wavelength of the blackbody and the temperature 
accurately. Planck's law pointed out that the spectral irradiance of the radiation which wavelength is λ 
from a unit area of any object under temperature T in the direction of the hemispherical is as follows:  
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In the formula, λ is the wavelength of the blackbody radiation; T is thermodynamic average 
temperature of blackbody; C1 and C2 are respectively the first and second radiation constant, 
C1=3.7415×10-16 W·m2, C2 =1. 4388×10-2 m·K; ε(λ,T) is radiation coefficient.  
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2.2. The basic principle of colorimetric temperature measurement 
Colorimetric temperature measurement determines the temperature of objects by the ratio of radiant 
powers of two narrow spectral ranges that near the given wavelength [5]. 
It can reduce the influences of the changes of the surface emissivity and the existence water vapor and 
dust in the optical path, and enhance the measurement accuracy. 
 
To assume that the ratio of the radiation energy of the objects that in the wavelength λ1 and λ2 is R, 
then the ratio of the measured signals is as follows: 
( ) ( )( )
( )
( )
C 1 125 -M λ ,T ε λ ,T Tλ λ λ2 2 2 1 2R T = = e
λM λ ,T ε λ ,T 11 1
⎛ ⎞⎜ ⎟
⎜ ⎟
⎜ ⎟⎜ ⎟⎝ ⎠
⎛ ⎞⎜ ⎟⎜ ⎟⎝ ⎠
                                                                                            (2) 
Due to many objects can be seen as graybody, so the impact of ε(λ,T) is weakened. Such as steel can 
be regarded as graybody, the color temperature is the true temperature of the object. It must ensure that 
ε(λ1,T) and ε(λ2,T) are equal approximatively in the certain wave band by choosing the right λ1 and λ2 of 
narrow-band and high permeability interference filter. It can be derived as follows: 
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It can be seen that ratio of radiation energy R(T) is only a function of T when λ1 and λ2 are selected. 
That is to say that R(T) depends on the object's surface temperature. This is the principle of the 
colorimetric fiber-optic temperature measurement. 
3. Design of colorimetric fiber-optic temperature measurement system 
The architecture diagram of the colorimetric fiber-optic temperature measurement system is shown in 
Fig.1. 
 
 
Fig. 1.  The architecture diagram of the colorimetric fiber-optic temperature measurement system 
It is mainly composed of colorimetric fiber-optic sensors, amplifiers, A / D converters and MCU 
system. Optical radiation transmits to the signal processing unit along the optical fiber. To ensure the 
photodetector detecting a single wavelength of radiation, it need to plus a narrow-band interference filter 
in front of the photodetector to determine the effective wavelength. Through the photoelectric conversion 
we can get dual-channel voltage signals, the signals through amplification and the A/D conversion, and 
then finally get into the MCU processing system. The dual-channel signals are calculated then the value 
of temperature is obtained and displayed in real-time. 
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3.1. Transmission fiber 
An optical fiber is a high transparency fiber that carries light along its length. In this system, we use 
the Double-clad silica fiber. It has superior optical properties, large numerical aperture and suitability to a 
wide range of wavelength. With large variation of core diameter, they are easy to couple and applicable to 
high power transmission. These fibers have advantages of high mechanical strength and good flexibility. 
Silica fibers have found wide application in laser medical treatment, sensing, instrumentation, program 
control, detection, information transmission and illumination, etc. 
The temperature of the carbonization chamber in the process of pushing coke is from 1000℃ to     
1200℃. The optical fiber is located in air cooling system; the working environment temperature is about 
150℃. The schematic diagram of temperature measurement environment is as shown in Fig.2. 
 
 
Fig. 2. Schematic diagram of temperature measurement environment 
3.2. STC12C5A60S2 single chip and High accuracy A/D converter MAX195 
The connect circuit diagram of A/D converter and MCU is as Fig.3.The STC12C5A60S2 MCU, the 
production of HongJing company, is a single-clock / machine cycle (1T) single-chip. It is high-speed, low 
power consumption, powerful anti-disturbance, a new generation of single-chip 8051.It’s code fully 
compatible with the traditional single-chip 8051, but faster 8 to 12 times than traditional single-chip 8051. 
The STC12C Series have wide operating voltage range: 5.5V ~ 3.3V; working frequency range: 0 ~ 
35MHz, the equivalent of an ordinary 8051 0 ~ 420MHz; 1280 Kbytes internal RAM; four 16-bit 
timers/counters; programmable clock output function; Advanced instruction set structure. 
The MAX195 works in the asynchronous transfer mode. We put the convert signal of the two chips 
into together and read output after conversion. That realized the true sense of the synchronous data 
acquisition. The MCU query the status of the end-of-conversion (EOC) to determine the end of a 
conversion, and then read out data by bit and process before the next conversion. 
4. Conclusion 
At present, the industrial scene in the harsh environment is in urgent need of advanced sensor 
technology and effective means of measurement and control. The fiber-optic sensor technology has the 
obvious advantage, so the home and abroad researchers take non-contact fiber-optic sensing technology 
as a technology breakthrough. 
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Colorimetric fiber-optic temperature measurement technology used in coke oven temperature 
measurement shows that the colorimetry temperature measurement can effectively inhibit the effects of 
the surrounding environment. Fiber-optic temperature measurement technology solves a number of 
problems which conventional thermocouple and infrared thermometer can not solve, particularly in high 
temperature areas. Colorimetric fiber-optic temperature measurement system can work long hours under 
electromagnetic interference and harsh environment; it has advantages of high precision, good stability 
and fast response to meet the carbonization chamber of coke oven temperature measurement requirements. 
Particularly, it can display and record temperature continuously and it is a promising non-contact 
temperature measurement device. 
 
 
Fig. 3. The connect circuit diagram of A/D converter and MCU 
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